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use hormone therapy are known to have a reduced incidence of fracture compared with women who do not. [1] [2] [3] However, there is limited information on how long this protective effect persists after use ceases, how different types of hormones affect the risk of fracture, and how hormone therapy affects the risk of fracture of different bones. This large cohort study of postmenopausal UK women investigates the effect of various patterns of hormone therapy use on the incidence of fracture.
METHODS

Data Collection and Definitions
The Million Women Study is a population-based prospective study designed primarily to investigate the health effects of hormone therapy; its methods are described elsewhere. 4 More than 1 million women were recruited between 1996 and 2001 and, beginning in 1999, a follow-up questionnaire has been mailed to study participants 2 to 3 years after initial recruitment. The recruitment questionnaire includes questions on lifestyle and sociodemographic factors, reproductive factors, past health, and use of hormone therapy. The follow-up questionnaire includes questions on any fractures sustained in the last 5 years and, if relevant, the anatomical site of the fracture, the month and year it occurred, and the mechanism of injury (eg, a fall, automobile accident, another accident, fracture found on radiography without the participant know-ing it had occurred, or in some other way). Both questionnaires can be viewed at http://www.millionwomenstudy .org. All participants gave written informed consent to take part, and ethical approval for the study was provided by the Oxford and Anglia Multi-Centre Research Ethics Committee.
An incident fracture was defined as any fracture reported at follow-up to have occurred after the date of recruitment into the study but excluding fractures of the fingers (and thumbs), toes, and ribs. Women with previous fracture were not excluded. Current, past, and never use of hormone therapy were defined according to what was reported on the recruitment questionnaire at baseline. Women were asked which specific proprietary preparation of hormone therapy they had used most recently, and the preparations were grouped, as described previously, 5 according to the hormonal constituents of each preparation listed in the British National Formulary. 6 Women whose menstruation had ceased either naturally or as the result of a bilateral oophorectomy were defined as postmenopausal. As described previously, 5 women aged 53 years and older who had had a hysterectomy without oophorectomy were also defined as postmenopausal, as were women aged 53 years and older who had begun use of hormone therapy before their natural menopause. Sensitivity analyses were performed to examine the effect of excluding these women from the analyses.
Women recruited into the Million Women Study between June 1996 and March 1998 were sent a follow-up questionnaire (and one reminder, if necessary) between October 1999 and November 2000. This effectively constituted the first quarter of women recruited into the Million Women Study cohort and included 242167 postmenopausal women aged 50 to 69 years. By November 2001, 150 706 (62%) had returned a completed questionnaire within 4 years from recruitment. Replies from these women were checked, coded, and analyzed in advance of the remainder of the cohort because follow-up is still not complete for the entire cohort, and power calculations indicated that the numbers of incident fractures in this sample would be sufficient to provide statistically reliable answers to the most important outstanding questions about the effect of different patterns of use of hormone therapy on the incidence of fracture. Response rates did not differ substantially according to age at baseline (60% for 50-54 years, 63% for 55-59 years, 63% for 60-64 years, and 66% for 65-69 years) and use of hormone therapy at baseline (65% for current, 62% for past, and 61% for never users; 65% among current users of estrogen-only, 65% for current estrogen-progestin users, and 63% for current users of other types of hormone therapy). The only factor that appeared to have an appreciable effect on response rates was a woman's socioeconomic status, measured as "deprivation index" on the basis of car and home ownership, overcrowding, and unemployment in the area of residence 7 (68% for women in the highest, 64% for the middle, and 55% for the lowest tertiles of socioeconomic status).
Analysis
Of the 150706 postmenopausal women who returned a completed follow-up questionnaire, 4376 (2.9%) who reported a history of cancer (other than nonmelanoma skin cancer) and 5188 (3.4%) who reported a history of osteoporosis at baseline were excluded from the analyses (because the presence of these illnesses could affect both the prescribing of hormone therapy and the subsequent incidence of fracture). Also excluded were 1843 (1.2%) with missing data on use of hormone therapy at baseline and 562 (0.3%) who reported a fracture but did not provide the date it occurred, leaving 138 737 women for the main analyses.
Relative risks (RRs) for fracture were estimated using a Cox regression model, in which the underlying time variable was defined as the time from recruitment to the first fracture or to the return of the follow-up questionnaire, whichever was earliest. For the 336 women who reported more than 1 fracture during the follow-up period (6.5% of all women reporting any fracture), multiple fractures had been sustained simultaneously by about half and for the remainder it was not always possible to determine which of the fractures had occurred first. Hence, in analyses examining fracture risk separately by anatomical site, women reporting multiple fractures were assigned to just 1 relevant site, according to the following hierarchy: hip, spine, shoulder, leg, foot, ankle, and wrist or arm. Relative risks (RRs) and 95% confidence intervals (CIs) were adjusted for age (in 2-year intervals [10 categories]), region of recruitment, socioeconomic status (in tertiles), time since menopause (Ͻ5, 5-9, Ն10 years), body mass index (Ͻ22.5, 22.5-24.9, Ն25 [measured as weight in kilograms divided by height in meters squared]), and physical activity (strenuous exercise rarely/never, less than once per week, 1 or more times per week). The effect of further adjustment for cigarette smoking, alcohol consumption, parity, previous use of oral contraceptives, and previous illness was examined. Tests of significance were 2-sided with PϽ.05 set as the level of significance. The STATA computing package was used for all analyses.
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RESULTS
The 138737 postmenopausal women included in the analyses were followed up for 382637 person-years, an average of 2.8 years per woman (range, 1.9-3.9 years). A total of 5197 (3.7%) reported 1 or more incident fractures that occurred, on average, 1.5 years after recruitment. The characteristics of women with and without a fracture are shown in TABLE 1. The main factor affecting the incidence of fracture was a woman's age at recruitment; the proportion reporting any fracture was 3.2% at 50 to 54 years, 3.6% at 55 to 59 years, 4.3% at 60 to 64 years, and 4.8% at 65 to 69 years. though the total number of hip fractures is relatively small, among never users of hormone therapy the proportion reporting a hip fracture increased steeply with age: 0.04% for ages 50 to 54 years, 0.12% for 55 to 59 years, 0.17% for 60 to 64 years, and 0.24% for 65 to 69 years at baseline.
Use of Hormone Therapy
Compared with women who had never used hormone therapy, women who were currently using hormone therapy at the time of recruitment had a significantly lower incidence of fracture during the follow-up period (adjusted RR, 0.62; 95% CI, 0.58-0.66; PϽ.001) (FIGURE 1). The incidence of fracture among past users of hormone therapy at baseline did not differ significantly from that in never users (RR, 1.07; 95% CI, 0.99-1.15), even among women who had recently ceased use ( Figure 1 ). There was no significant trend in the RR of fracture according to time since last use of hormone therapy in past users (P for trend=.20).
Among current users of hormone therapy the RR of fracture was substantially reduced for all durations of use at baseline. The RR of fracture decreased with increasing duration of hormone therapy, at least up to 5 to 9 years of use (FIGURE 2), and a test for linear trend was statistically significant (P=.001). No significant reduction in the RR of fracture was found for past use of hormone therapy of any duration, and the trend with duration of use in past users was not significant (P=.15).
The results in Figures 1 and 2 remained similar when analyses were restricted to fractures occurring in the 12 months after recruitment, which occurred an average of 6.6 months after baseline recording of hormone therapy use. For current compared with never users of hormone therapy, the RRs of any fracture occurring in the 12 months after recruitment were as follows: 0.61 (95% CI, 0.54-0.68) overall; 0.71 (95% CI, 0.48-1.05) for use less than 1 year; 0.68 (95% CI, 0.57-0.81) for 1 to 4 years; 0.52 (95% CI, 0.43-0.62) for 5 to 9 years; and 0.61 (95% CI, 0.48-0.77) for 10 or more years of hormone therapy use at baseline. For past vs never users, the RRs of a fracture in the 12 months after recruitment were as follows: 0.98 (95% CI, 0.71-1.34) for use ceasing less than 1 year before recruitment; 0.99 (95% CI, 0.80-1.24) for use ceasing 1 to 2 years before recruitment; 1.05 (95% CI, 0.80-1.39) for use ceasing 3 to 4 years before recruitment; and 1.12 (95% CI, 0.92-1.37) for use ceasing 5 or more years before recruitment. The overall RR during the first 12 months of follow-up was 1.07 (95% CI, 0.95-1.22) for all past users.
The RRs in current and past users of hormone therapy were further adjusted for various other factors, including cigarette smoking, alcohol consumption, parity, previous use of oral contraceptives, and a history of certain illnesses at baseline (hypertension, venous thromboembolism, heart disease, stroke, diabetes, asthma, rheumatoid arthritis, osteoarthritis, or thyroid disease). There was little change in the magnitude of the estimated RR, with the additional adjustment resulting in RRs ranging from 0.61 to 0.62 for current use and 1.06 to 1.07 for past vs never users of hormone therapy. Results were not altered appreciably when women with a hysterectomy or who had begun hormone therapy before their characteristic. †As defined by the deprivation index described in the "Methods" section. ‡Hypertension, heart disease, stroke, thromboembolism, diabetes, asthma, rheumatoid arthritis, osteoarthritis, or thyroid disease reported at baseline. §Measured as weight in kilograms divided by the height in meters squared. natural menopause were excluded from the analyses: the corresponding RRs of fracture in current and past vs never users of hormone therapy were 0.59 (95% CI, 0.55-0.64) and 1.06 (95% CI, 0.98-1.15), respectively.
Type and Dose of Hormone Therapy
No significant variations in the relationship between use of hormone therapy and fracture incidence were observed according to the specific hormone currently being used (FIGURE 3). Compared with risk in never users, the overall RR of fracture was reduced to a similar extent in current users of estrogen only (RR, 0.64; 95% CI, 0.58-0.71), combined estrogenprogestin (RR, 0.58; 95% CI, 0.53-0.64), and other types of hormone therapy (RR, 0.67; 95% CI, 0.56-0.80) (P=. 19) .
The RR of fracture among current users of tibolone (a nonhormonal preparation with estrogenic, progestagenic, and androgenic activities) was significantly lower than that in never users of hormone therapy (RR, 0.67; 95% CI, 0.54-0.83). The relationship between current use of hormone therapy and fracture incidence did not vary significantly according to the hormonal constituents of the estrogen (equine estrogen vs estradiol, P = .30) or progestin (norethisterone vs medroxyprogesterone acetate vs norgestrel/levonorgestrel, P=.87) currently used at recruitment. Fracture incidence also did not vary significantly according to the dose of estrogen currently being used (equine estrogen Ͻ0.625 vs Ն0.625 mg, P=.91; oral estradiol Ͻ1 vs Ն1 mg, P = .69; transdermal estradiol Ͻ50 vs Ն50 µg, P = .53) (Figure 3) . The RRs of fracture among current users of estrogenonly hormone therapy were 0.60 (95% CI, 0.53-0.68) for oral formulations, 0.75 (95% CI, 0.65-0.86) for transdermal agents, and 0.52 (95% CI, 0.34-0.80) for implants (Figure 3 ). There was weak evidence of heterogeneity between these routes of administration (P=.04), which did not appear to be accounted for by differences in duration of use of hormone therapy; however, given the large number of statistical tests conducted, this finding is difficult to in- 
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The position of the squares represents the RR with size of data markers inversely proportional to the variance of the log RR, indicating the amount of statistical information available for that particular estimate. CI indicates confidence interval. *Adjusted for age and region. †Adjusted for age, region, socioeconomic status, time since menopause, body mass index, and physical activity (see Table 1 ). 
Participant Characteristics and Fracture Cause and Site
No significant variation in the RR of fracture in current compared with never users of hormone therapy was observed among women of different ages at recruitment, ages at menopause, time between menopause and starting hormone therapy, socioeconomic status, previous illness, smoking habits, alcohol consumption, body mass index, physical activity, parity, or previous use of oral contraceptives (FIGURE 4). More than 95% of the study participants are white, so any possible effect modification by race/ethnicity cannot be examined in this population. Overall, of the 5197 women reporting 1 or more incident fractures, 4102 (79%) attributed their fracture to a fall, 146 (3%) to an automobile accident, 281 (5%) to some other accident, 105 (2%) were reported to have been found on radiography without the woman being aware of the fracture, and 563 (11%) reported that the fracture was due to multiple causes, that the fracture occurred in a way other than the options listed on the questionnaire, or reported no immediate reason for their fracture. There was weak evidence that the RR of fracture in current vs never users of hormone therapy varied according to the reported reason for the fracture (P=.05, FIGURE 5). The results in Figures 1  through 4 remained similar when analyses were restricted to fractures resulting from a fall (data not shown).
The 5197 women reported (in order of frequency) fractures of the wrist or arm (n=2557), ankle (n=1109), foot (n = 616), leg (n = 419), shoulder (n=241), spine (n=146), hip (n=141), hand (n = 102), skull or face (n = 93), chest or sternum (n = 50), pelvis (n = 54), and other or unknown sites (n = 52). These numbers sum to more than 5197 because 336 women reported more than 1 incident fracture. Compared with never users, current users of hormone therapy at baseline had a lower risk of fracture at the most common fracture sites reported, although the RR varied significantly between the 7 specified fracture sites (PϽ.001, Figure 5) . The lowest RR was for fracture of the wrist or arm (0.45; 95% CI, 0.40-0.50) and the RR for hip fracture associated with current use of hormone therapy was 0.62 (95% CI, 0.40-0.94). The RRs of fracture at different sites changed little when the analyses were restricted to fractures attributed to a fall. For example, in current vs never users of hormone therapy the RRs for wrist and hip fractures attributed to a fall were 0.45 (95% CI, 0.41-0.51) and 0.62 (95% CI, 0.40-0.94), respectively.
COMMENT
Results from both randomized trials and observational studies have shown that use of hormone therapy protects against fracture. 1, 2, [9] [10] [11] [12] [13] [14] In this large study population that included almost 140 000 postmenopausal women experiencing more than 5000 incident fractures, we have confirmed, but also extended, previous knowledge about the effect of hormone therapy on the incidence of fracture. In particular, we found a significantly reduced risk of fracture a year or so after women had started using hormone therapy , with the risk decreasing further with increasing duration of use. The magnitude of this protection did not differ materially according to which type of hormone a 
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See the legend to Figure 1 for explanation of the data markers. *Adjusted for age and region. †Adjusted for age, region, socioeconomic status, time since menopause, body mass index, and physical activity.
woman was currently using, or according to which specific estrogen or progestin or which dose was used. This study provides new evidence that the protective effect of hormone therapy on the risk of fracture wears off rapidly after use ceases and that this lack of protection does not vary significantly according to how long hormone therapy had been used previously. Although earlier studies have not generally found statistically significant reductions in the risk of fracture in past users of hormone therapy , the CIs around the risk estimates in other studies have been wide and so it was not possible beforehand to exclude modest persistent reductions in fracture incidence after use of hormone therapy had ceased. [10] [11] [12] [13] [14] This study has a number of strengths. Data on use of hormone therapy were gathered prospectively and have been shown to provide a reliable measure of exposure to specific types, doses, and regimens of hormone therapy during the relevant follow-up period. 5, 15 To avoid biases associated with differential prescribing of hormone therapy, analyses were restricted to postmenopausal women, those without cancer, and those who were not being treated for osteoporosis at baseline. To minimize potential confounding by other See the legend to Figure 1 for explanation of the data markers. The RR is for current hormone therapy users vs never users (3010 cases/70297 population). The dashed line represents the overall RR (0.62) for all current users of hormone therapy vs never users at baseline. *Adjusted for age and region. †Adjusted for age, region, socioeconomic status, time since menopause, body mass index, and physical activity. factors, analyses were adjusted for age, region, socioeconomic status, time since menopause, body mass index, and physical activity. We examined for possible interaction between 11 personal characteristics and current use of hormone therapy in 22 subgroups, and we found no evidence of significant modification of the effect of hormone therapy by any of these factors.
The results presented here relate the pattern of hormone therapy use at baseline to incident fractures, which occurred an average of 1.5 years after the recording of baseline information. Hence, duration of current use of hormone therapy at the time of the event would be somewhat longer, on aver- See the legend to Figure 1 for explanation of the data markers. The dashed line represents the overall RR (0.62) for all current users of hormone therapy vs never users at baseline. *Adjusted for age and region. †Adjusted for age, region, socioeconomic status, time since menopause, body mass index, and physical activity. ‡Hypertension, heart disease, stroke, thromboembolism, diabetes, asthma, rheumatoid arthritis, osteoarthritis, or thyroid disease reported at baseline.
age, than the duration of current use recorded at baseline. However, the relationship between duration of use and other patterns of hormone therapy use and the risk of fracture did not change materially when analyses were restricted to fractures occurring within 12 months of recruitment, 6.6 months after the recording of baseline information. Response rates at follow-up did not vary substantially by age or by the pattern of hormone therapy at baseline, but they were greater in women of higher compared with lower socioeconomic status. Because the RR of fracture associated with the use of hormone therapy did not vary according to socioeconomic status, adjustment for this variable in all analyses should allow for the differential follow-up. It is unknown whether women who experienced a fracture were more or less likely than women who did not have a fracture to return a follow-up questionnaire. The fact that the age-specific annual incidence rates found for all fractures and for hip fractures are consistent with those reported in the Women's Health Initiative (WHI) trials, 1, 2 both for women using and not using hormone therapy , suggests that differential response rates according to fracture history are unlikely to be a serious problem in this study.
Two thirds of the fractures analyzed here were of the wrist, arm, or ankle, and more than three quarters of all fractures resulted from a fall. Selfreporting of the types of fractures included in these analyses has been shown to be reliable, with approximately 90% being confirmed on radiography. 16, 17 The finding of a rapid onset and offset of the effect of hormone therapy on fracture, along with the lack of any substantial difference in effect according to the type of hormone used, is in keeping with the effects of hormone therapy on bone mineral density. 1, [18] [19] [20] The RR of hip fracture in current vs never users of hormone therapy (0.62; 95% CI, 0.40-0.94) is consistent with that found in the WHI trials of hormone therapy.
1,2 The absolute incidence of hip fracture increased sharply with age (Table 2) , and so use of hormone therapy at older, compared with younger, ages should result in a greater absolute reduction in fracture incidence. A typical pattern of hormone therapy use in this population, whereby a woman begins at around menopause (Ϸ50 years) and continues for 5 years, is estimated to prevent 0.3 hip fractures per 1000 users, whereas 5 years' use beginning at age 60 years is estimated to prevent approximately 1 hip fracture per 1000 users. However, at these ages 5 years' use of hormone therapy would lead to a greater increase in the absolute incidence of breast cancer and of stroke than any reduction in the absolute incidence of hip fracture. 1, 3, 21, 22 No data were available for women older than 70 years. Our finding of no protection against fracture in past users of hormone therapy suggests that at such ages, when the incidence of fracture of the hip becomes increasingly common, any previous use of hormone therapy is unlikely to provide residual protection against hip fracture.
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See the legend to Figure 1 for explanation of data markers. *Adjusted for age and region. †Adjusted for age, region, socioeconomic status, time since menopause, body mass index, and physical activity. ‡Includes multiple and unspecified causes. 
